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Abstract
With Ultra-High Frequent JPY against UDS rate data, we investigate
the features of the market microstructure of foreign exchange rate in
terms of duration, volatility, volume and orderflow. ACD model deve-
loped by Russell/Engle（1995）enables us to use tick-by-tick type for-
eign exchange data without any loss of information. In addition to ACD
model, we use GARCH type model modified to accomplish our purpose.
With ACD model, we found clear results. We confirmed that per-
sistency of expected duration is strong. Thus, we cannot say foreign ex-
change market is efficient. As for the market microstructure explorala-
tion, we use Diamond/Verrecchia（1986）model which shows that no
trade means bad news, and Easly/O'Hara（1992）model which men-
tions that no trade means no news. Our results show that volume has
significant negative impact on duration and buying USD orderflow also
affects negatively on duration. If we can recognize volume and order-
flow as the proxy of information inflow, foreign exchange market can be
seen as the market Easly/O'Hara（1992）shown. The bigger the
volume becomes, the shorter the trade interval becomes, the shorter the
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duration becomes, then the more the trade occurs.
In the next step, we analyze the relations between volatility and dura-
tion to explore the foreign exchange market structure. Duration has
negative effect on volatility, but has no effect on foreign exchange rate
in 2007，whereas duration has positive effect on volatility with negative
effect on USD rate in 2008．If we take the result from ACD into ac-
count, the more information comes to market and the more trade oc-
curs, the higher volatility becomes in 2007．This result is consistent
with the implication from mixture of distribution hypothesis and Easly/
O'Hara（1992）model. In 2008，the longer the trading interval
becomes, the higher the volatility becomes. From ACD estimation,
volume has positive impact on duration. Combining with these results,
we can say that no trade, which means no news, makes market volatile.
This result suggests that Diamond/Verrecchia（1986）model is valid.
Uncertainty in the market was quite high and USD used to depreciate
with active trade in our data in 2008．It might be said that foreign ex-
change market can be the market suggested by Easly/O'Hara（1992）
in a usual case, but it also depends on the market condition such as un-
certainty or risk.
Keywords: market microstructure, autoregressive conditional dura-
tion model
1. Introduction
In this paper, we tried to explore the market microstructure of foreign ex-
change rate with Ultra-High Frequency data. Many researchers have been
doing enthusiastic works in this field. But not so many works have been
done in foreign exchange market. This is partly because the difficulties of
data availability. Data Mine（provided by ICAP Inc.）enables us to use
market data in foreign exchange market. ICAP Inc. is providing trading plat-
form through Internet. Today, almost all major market makers are using this
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trading platform and ICAP's database can cover all trading records such as
foreign exchange rate, time, volume, buying or selling order indicator and
order book at which trade is done. Before we got to use Data Mine, it was
almost impossible to use market data regarding foreign exchange rate.
Among many techniques to analyze ultra high frequency tick-by-tick type
data, there are two ways that are easy to use. One of the easiest ways is to
convert raw data into even spaced data. With this method, we lose important
information. For example, if we construct 5 minutes interval data from tick-
by-tick data, only one data in 5minutes will be picked up. The data we use in
this paper contains the trading records with every 250milli-second interval.
We may abandon at most 18000 data in every 5 minutes. For avoiding this
matter, we intend to use Autoregressive Conditional Duration model（ACD
thereafter）developed by R.Engle and J.Rusell（1995）．They proposed
ACD model to model the interval between trades analogous to survival anal-
ysis and they defined the interval between the trades as duration．
In this paper, we utilize Log ACD（2,2）model and GARCH type
representation with Ultra-High Frequency data, the latter method is deve-
loped and proposed by Engle（1996）．By these models, we investigate deal-
ers' trading activities in terms of duration, volatility, volume and orderflow.
As Clark（1973）stressed that volume can be the good proxy of information
inflow. Lyons（2001）found that orderflow plays more informative work in
the market. In this paper, we first check the information contents of duration
with volume and orderflow through ACD model. Then combining with ACD
results with GARCH type model results, we will explore the market micros-
tructure with duration, volume and orderflow.
The period we use here covers the event, Lehman's shock. Our data set
spans from 1st of July to the end of September in 2007 and 2008．We can
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use the result from 2007 data as the benchmark for investigating special fea-
tures during Subprime shock days. In Susai（2009），we found some
noteworthy features among USD, EUR and JPY currencies in Subprime
period. Especially during the Lehman's shock, the relations among these
most traded financial assets in the world were much different than that in
same period in 2007.
For exploring the microstructure of foreign exchange market, we use the
basic ideas proposed by Diamond/Verrechia（1986）and Easly/O'Hara
（1992）．Those models are good to explain the duration between trades. In
Diamond/Verrecchia（1986），they thought that there exists two kinds of
dealers, informed and uninformed traders. Suppose that informed dealers
have private negative information on USD, and if USD rate depreciate with
some bad news on USD, then informed trader might wait for next chance to
trade to utilize their informational advantage. In this situation, longer dura-
tion means that bad news comes to informed dealers. On the other hand in
Easly/O'Hara paper, if some portion of dealers have some informational ad-
vantage, these informed dealers do not want to trade without any new profit-
able information. In this case, longer duration means no crucial event oc-
curred. These two models are really the idea we are going to test with em-
pirical method．
The rest of this paper contains four sections. In the next section, we
present Data Mine in detail. After the data description, we develop our
model. In the section of results and discussion, we analyse market micros-
tructure in terms of duration and two models mentioned above. We conclude
our discussion in the last section.
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2. Data
Real traded data has been difficult to use in foreign exchange market. In
this paper, we use really traded market data, Data Mine ver.5．This data
set provides us the foreign exchange rate at which dealers actually trade, bid
or ask indicator, volume and order book in 250 millisecond interval. As we
know, more than 70％ dealers in banks and financial institutions in the world
are trading through the trading platform operated by ICAP Inc.. The earlier
versions of Data Mine do not contain volume and order book．
In this paper, we call this kind of data as“deal data”．The intervals of
deal data are uneven. Uneven interval data might have some trouble when
we estimate the model with usual time series methods. Here we use ACD
and GARCH type model proposed by Engle（1996）to deal with uneven
spaced Ultra-High Frequency data problem．
Our data spans from 1st of July to 30th of September in 2007 and 2008．In
these periods, Lehman Brothers failure had occurred in September，2008．
Because we had so called Subprime problem from July to September in
2008，we chose same period in 2007 as the baseline for comparison. By us-
ing the data in same month in different years, we can control month of the
year effect. In 2007，we use more than 1million records, and more than 1.2
million in 2008.
In our research, we use Japanese Yen against US Dollar rate. We also use
transaction time, transaction volume and bid or ask indicator. At first, we
define the duration between trades. Let ti be the transaction time at time i
and be τi＝t i－t i-1 as duration between trades．
With the bid or ask indicator, we affirm the direction of trade. For exam-
ple, if bid indicator is assigned to a USD rate, this means the bid side of the
 KEIEI TO KEIZAI
USD rate is hit by the counter part of the trade. This trade may have down-
ward pressure to the USD rate. For these reasons, we use bid or ask indica-
tors as the price pressure indicator and can be recognized as orderflow direc-
tion index. Trading volume also has impact on price movement. Bigger
volume usually has bigger impact on price movement. We use the volume of
Table１ Seasonality of Duration in 2007 and 2008
Empirical Exploration on the Foreign Exchange Market
Microstructure with Duration, Volume and Orderflow 
bid trade multiplied by bid indicator（-1）and ask trade multiplied by ask
indicator（1）．This amount can be recognized as orderflow in each trade.
These variables might have impact on duration through the impact on USD
rate movement.
In the first step, we check the seasonality of duration. Many papers which
use stock data usually check the seasonality during daytime when the mar-
ket is opened. As for the foreign exchange trade, dealers can trade at any-
time of the day. Even in the weekend, dealer can trade if he or she can find
the counterpart．24 hours continuous trading is one of the famous features
in foreign exchange market. For this reason, we check the seasonality of du-







Dis are dummy variables and D1 takes 1 from 0:00:00 to 0:59:59（GMT）
and 0 otherwise．εt is a error term and assumed normally distributed. In
2007，no strong seasonality is found. We may say some from 0:00:00 to 5:
59:59 in 2008．This is Tokyo（or Asia）time zone. At the beginning of
Tokyo market, durations might be shorter than other time zone. Tokyo is
Table２ Market Effect
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the first market that starts in a day. The trades are active during these
2 hours partly because dealers may adjust their positions at the beginning of
the day.
Table 2 shows the market effect on duration. TOKYO_D covers from 0:
00:00 to 8:59:59，LD_D covers from 9:00:00 to 12:59:59，and LD_NY_D
covers from 13:00:00 to 15:59:59．As in the Table 1，we cannot find any
seasonality in 2007，but find a clear seasonality in 2008．During London
time, duration might be longer than any other market time zone. And dura-
tion has shorter tendency in the zone when London and New York are both
Table３ Correlation Matrix in 2007
Table４ Correlation Matrix in 2008
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active.
Correlations among variables can be checked in Table 3 and 4．INT
represents duration, DLUSD is log difference of USD rate, R_VOLATILI-
TY shows realized volatility（squared DLUSD），VOL is volume, and O_F
is orderflow. USD rate change and volume are negatively correlated with du-
ration. But realized volatility is positively correlated with duration. Former
relations are intuitively understandable. In a given time period, high volume
comes with active trade, and active trades shorten duration.
For eliminating the seasonality from duration data, we convert the raw





τis adjusted series andψ(t i）is smoothed value at time i. To getψ(t i）
series, we use exponential smoothing with Hold-Winters additive seasonal




Following many papers that use ACD model1，we develop the model. Let
si be the log first difference of USD rate and f(…｜…），g(…｜…）and q(…｜
…）be the conditional density functions. We can define the conditional joint
density function of si and τ1 as follows.
f(si, τ1｜s(i-1), τ(i-1))＝g(si｜s(i-1), τ(i))q( τ1｜s(i-1), τ(i-1)) (3)
１ ACD model was originally induced by Engle/Russel(1995)．
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As in the equation（3），conditional joint density function of si and τ1 can
be express by the product of g(…｜…）and q(…｜…）．In equation（3)，s(i-1)
and τ(i-1)) are past information of s and τ at time i-1．
Following Engle/Russel(1995)，we assume，
τ1＝Ψiεi， εi～i.i.d. (4)
This assumption allows us to describe the duration as mean function ofΨi．














zis are exogenous variables. As we mentioned in Data section, we incor-
porate volume and orderflow as exogenous variables.
With (4) and (5)，we can derive the quasi-likelihood function to estimate










ACD model was proposed to analyze the uneven spaced Ultra-High Fre-
quency data to estimate behavioral finance model or to test market micros-
tructure hypothesis. As we have already confirmed that ACD model is
modeling time interval between each trade. So, many papers including the
papers in mixture of distribution hypothesis research are intending to ana-
lyze this relation. Following Engle(1996)，we construct ARCH type model
with Ultra-High Frequency data to test market microstructure in terms of
Diamond/Verrechia(1986）and Easly/O'Hara(1992).
Letσ2i be the conditional variance of the process per second and hi be the
conditional variance of individual trade. We assume that these two condi-
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If si only depends on past information, the expected variance of si can be






Equation (9) can be seen as GARCH type expression with Ultra-High Fre-
quency data. With this conditional variance equation and mean equation of
si, we can test the microstructure of foreign exchange market.
4. Results and Discussions











βj ln(Ψi-j)＋γ1 s i-1＋γ2 s i-2＋ρ1 vol i-1＋ρ2 of i-1＋v1D T
＋v2Dld (10)
We incorporate USD rate of change（si-1,si-2)，volume（vol）and order-
flow（of）variables as exogenous variables, and add two dummy variables
for Tokyo and London time zone. If past duration has some impact on future
expected duration, αi should be significantly estimated. If past foreign ex-
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change rate change makes some effects on future expected duration, γi
should be significant. Volatility can be measured by si and volume. High si
can cause volatile market. As with the prediction of mixture distribution
hypothesis, if volume co-moves with volatility, high volume also comes with
high volatility．
From the discussion of Clark（1973），volume can be the proxy of infor-
mation inflow to the market. On the other hand, Evans/Lyons（2002,2006）
suggests that orderflow represents richer information than that volume has.
It might be true because orderflow consists of order direction and volume.
Therefore, orderflow comprises the information contained in volume. By















In equation（12），ζi is a long run volatility. We compute long run volatility
as exponential smoothing series of realized volatility, si2．λi can capture
simultaneous relation between duration and foreign exchange movement in
(11)．θ1 can measure the impact of long run volatility and many kinds of
past durations on volatility．θ2 captures the surprise component of duration.
Rise of this variable means that relative length of actual duration to expected
duration becomes longer. The difference between actual and expected terms
might be thought as surprise．
All parameters are significantly estimated in both years. The sign of
parameters are also almost same. Past durations and past expected dura-
２ See Engle（1996）in detail.
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Table５ Estimation Results of ACD(2,2)
tions have positive impact on future expected duration. If dealers face longer
duration, or if they expect longer duration, these facts cause future longer
expected duration. Persistency of the effect of past expected duration is
quite big. Persistency can be captured by β1＋β2．In both years, these
values exceed 1．This means that the effect of past expected duration lives
longer.
If we follow the Clark(1973）discussions, volume can be used as the prox-
y of information inflow, and more information that comes to market causes
heavier trade, thus higher volume. With the parameters of volume and or-
derflow in Table 5，we can discuss the hypothesis proposed by Easly/
O'Hara(1992）and Diamond/Verrecchia(1986)．The more information
comes to market, the heavier the trades occur if Easly/O'Hara(1992)'s
hypothesis dominates．
As in the Table 5，volume and orderflow have same effects in both years.
 KEIEI TO KEIZAI
Past volume makes future expected duration shorter. Orderflow in the past
has negative impact on future expected duration. In this case, buying USD
order shortens the duration. From these results, we can confirm that higher
volume shortens the duration. If dealers trade with new information, this
result is in line with the discussion in Easly/O'Hara(1992)．During the
period that more information comes to market, heavier trade occurs, hence
duration becomes shorter.
Buying orderflow also makes duration shorter. In general, buying order
should have positive impact on price. This tendency is consistent with the
fact that used to be found in many financial markets. Price can be rise with
more active trade and price used to drop with thinner trade. If dealers with
good news on US dollar buy USD actively, then active buying orders make
duration shorter. This fact is also in line with the discussion of Easly/O'Hara
(1992).
Only the impact of foreign exchange rate change is opposite in both years.
Appreciation of USD has negative impact on future expected duration in
2007．But the impact in 2008 is opposite. If dealer's reaction in terms of du-
ration can be understood as their evaluation of the event, the appreciation of
USD can be taken as good news in 2007，but not in 2008．The difference of
the market condition in both years is the Lehman and Subprime shock. A lot
market participant might be thinking that USD belongs to higher risk asset
class in 2008．Buying USD orders raise USD value and accumulate USD
long position at the same time. Position seems to be crucial role in financial
market3．If higher USD or longer USD position means higher risk in
2008 than that in 2007，appreciation and accumulation of USD might be un-
derstood as worse news in 2008．This tendency might be also good for the
３ See the discussions in Lyons (2001).
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Table６ Estimation Result of GARCH type Model
Easly/O'Hara(1992) implications.
In terms of the market microstructure, we can get some implications from
Table 6．In the first step, we check the result in mean equation (11)．Dura-
tion does not have any impact on USD change in 2007，but has negative sig-
nificant impact in 2008．Longer duration causes USD to depreciate. If deal-
ers take the longer duration as bad news on USD, JPY/USD rate moves
downward．
Almost all parameters have different signs in both years. The mean value
and standard deviation of long run volatility in 2007 is smaller than those in
2008．Besides that, the mean and standard deviation of expected duration in
2008 is much higher. In both indicators, market conditions in 2008 are much
worse, higher volatility and longer duration, which means more risky and
more bad news may exist. This difference might have some effect on this
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discrepancy. But, still we have to do more research on the reason for this dis-
crepancy.
ψ1 represents the effect of long run realized volatility on volatility. Long
run volatility has negative impact in 2007，and positive impact in 2008．
As for the effect of three kinds of durations on volatility, the sign of all
these parameters are different in both years. In 2007，surprise and expected
duration cause higher volatility and realized duration has negative impact on
volatility. It is easy to guess that unexpected bad news and its expectation
cause higher volatility if we can relate unexpected part of duration to unex-
pected bad news. Longer duration means fewer trades in a given time.
Therefore, longer duration leads to lower volatility．
We can confirm that this results support Easly/O'Hara(1992) hypothesis.
No news come with fewer trade, thus lower volatility. The results from ACD
showed that high volume causes short duration. Combining ACD results
with GARCH type results, we can confirm that volatility becomes small
when trading activity is low, in other word duration is long. These relations
show that Easly/O'Hara(1992)model is valid.
But in 2008，we might say that dealers act as shown in Diamond/Verrec-
chia(1986)．The results in mean equation showed that longer duration
causes USD depreciation. In other word, longer durations may contain bad
news on USD value. We might say from this tendency that no trade means
bad news on USD in 2008．Because high volume comes with short duration
and buying order comes with also short duration as are mentioned in ACD
results in 2008．Actually, our data period in 2008 covers Lehman's shock
and bankruptcy of many US private banks. This event can be seen as ex-
traordinary in one or more decades. In such a case, uncertainty among mar-
ket participants should be high. In highly uncertain market, a dealer might
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wait for next chance that he or she decides to trade. In Diamond/Verrecchia
(1986)，informed dealer dose not want to trade with bad news, and wait for
next opportunity to make use of his or her informational advantage. Thus,
bad news come with longer duration in Diamond/Verrecchia(1986)model.
From these discussion, we cannot confirm that foreign exchange market
has microstructural feature defined by Diamond/Verrecchia(1986) or Easly/
O'Hara(1992)．But we might say that market microstructure cannot be sta-
ble and can be strongly affected by market conditions such as uncertainty or
risk condition.
5. Summary
With Ultra-High Frequent JPY against UDS rate data, we investigate the
foreign exchange market microstructure in terms of duration, volatility,
volume and orderflow. ACD model developed by Russell/Engle(1995) ena-
bles us to use tick-by-tick type foreign exchange data without any loss of in-
formation. In addition to ACD model, we use GARCH type model modified
for analyzing tick-by-tick data.
As for the daily seasonality of duration, we found some features in Tokyo
(or Asian) time zone, London time zone and London and New York time
zone. Especially in London time, duration might be a bit longer than those in
any other zone. One of the candidates of the reason to explain this tendency
is the way we use in explaning of the JPY against USD rate in London mar-
ket. In London market, major currencies they usually trade is GBP or EUR.
Therefore, JPY_USD rate can be traded mainly for cover trade．
With the ACD model, we found clear results in both years. In both years,
we confirmed that persistency of expected duration exists. From this result,
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we should be doubtful about the market efficiency. As for the market
microstructure discussion, the impact of volume and orderflow shows the
results for Easly/O'Hara model. If volume and orderflow can be used as
proxy for information inflow into market, high volume and orderflow should
be with short duration under the Easly/O'Hara model．ρi(i＝1,2)
represent the impact of volume and orderflow and are negative and sig-
nificant in equation (10)．With these considerations, we can conclude that
dealers in foreign market trade with information and in the manner Easly/
O'Hara model suggested.
With GARCH type model, we explore market microstructure by analyzing
the relations among volatility, duration and expected duration. It is clear that
realized duration, surprised part of duration and expected duration have sig-
nificant effect on volatility. Long run realized volatility also affects volatility.
But the ways these durations and long run volatility affect on volatility are
different in 2007 and 2008．In 2007，the relations show that market micros-
tructure can be featured by Easly/O'Hara model. But in 2008，market fea-
ture is completely different, the signs of key parameters are opposite com-
paring to those in 2007．Market microstructure in 2008 can be seen as the
one Diamond/Verrecchia suggested. We might be able to suggest that mar-
ket microstructure can be affected by market conditions such as uncertainty
or risk.
Volatility in 2007 is higher with active trade, but is higher with inactive
trade in 2008．Clark and many researchers are showing that active trade
comes with high volatility. This is true in our result only in 2007．The rea-
son for this difference may stem from Subprime and Lehman's shock. In
highly uncertain market, foreign exchange rate may move a lot in thinner
market．
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